Different mechanisms for inhibition of cell proliferation via cell cycle proteins in PC12 cells by nerve growth factor and staurosporine.
PC12 cells have previously been shown to cease cell division during nerve growth-factor (NGF)-induced differentiation by affecting specific cell cycle proteins. Staurosporine, a protein kinase inhibitor, also causes PC12 cell differentiation, independently of neurotrophins or plasma membrane receptors. We have investigated the relationship of the tumor suppressor protein, p53, and other cell cycle proteins to the antiproliferative effects of NGF and staurosporine in PC12 cells. NGF treatment of PC12 cells stimulated an increase of p53 protein in the nucleus and, more slowly, an increase in total cellular p53 protein. Levels of the cyclin-kinase inhibitor p21/WAF1, cyclin D1, and cyclin G, all downstream transcriptional targets of p53, increased after short times of NGF treatment. Cessation of replication and differentiation occurred more rapidly in defined medium (2 days) than in serum medium (6 days), in correspondence with the more rapid changes in both p53 and p21/WAF1 levels in defined medium (1 hour) than in serum (1 day). Levels of p34cdc2 and p33cdk2 kinase dropped after 6 to 10 days treatment with NGF in serum, close to the time of terminal differentiation. Staurosporine, on the other hand, inhibited DNA replication of PC12 cells in a time- and dose-dependent fashion by affecting cyclin-dependent kinases. Staurosporine had no effect on the protein levels of p53, p21/WAF1, or cyclin G. The kinase activity of both p34cdc2 and p33cdk2 were inhibited in vitro with IC50 values of 20 nM and 75 nM, respectively. In vivo p34cdc2 kinase activity was inhibited within 1 day, before the decrease in the levels of p34cdc2 protein at days 2 to 3. In contrast, in vivo p33cdk2 kinase activity only decreased in concert with protein levels. Although both NGF and staurosporine inhibit DNA replication concomitant with induction of differentiation by affecting the activity of p34cdc2 and p33cdk2, the mechanism of the two agents is quite different. NGF achieves inhibition of activity of these cyclin-dependent kinases by signalling through the TrkA receptor to the tumor suppressor protein p53 and then to p21/WAF1. In contrast, staurosporine directly inhibits the activity of p34cdc2 and p33cdk2 by binding to them and also indirectly by alteration of their phosphorylation through other regulatory kinases.